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Abstract. Since, the arrival pattern is an important parameter to describe traffic flow. It
directly affects the quality of the traffic flow, such as delay, length of queue on the road traffic
network. The rules of traffic arrival pattern can be used to solve the problem of traffic
operation and safety for road facilities such as intersections, tolls, or merging, diverging
segments in expressways. The paper presents a study on the actual arrival pattern, particularly
the study on actual time headway of vehicles on several urban streets in Ha Noi, Viet Nam.
The study proposed a method for determining the actual time headway with non-lane based
concept in mixed traffic conditions in Vietnam. On that basis, a field survey was conducted to
collect data including geometrical factors and traffic data such as volume, vehicle
composition, actual time headway on three road segments in several urban streets in Hanoi.
Initially, the study focused on analyzing the traffic flow at off-peak hours. Each road segment,
1-hour period was chosen for analysis. The analysis results of headway based on the proposed
arrival pattern determination method shows that the arrival headway of the mixed vehicle
follows the three-parameter Log-normal distribution and depends on the traffic volume.

Keywords: actual arrival pattern, actual time headway, traffic congestion, driver behavior,
mixed traffic.
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Tom tat. Thoi gian xe dén 1a théng s quan trong dé mo ta dong giao thong, nd anh hudng
truc tiép dén chat luong dong giao thong, dén cac thdng sé nhu 1a thoi gian cho, chiéu dai
dong cho trén mang ludi giao théng duong bo. Quy luat thoi gian xe dén dung dé giai quyét
c4c bai toan to chirc giao thong cho cac phuong tién khi di qua nat giao thong, tram thu phi,
hay diém tach, nhap vao dudng cao téc. Bai béo trinh bay nghién ciu vé quy luat xe dén, cu
thé 1a thoi gian xe dén thuc té trén mot s tuyén duong d6 thi & Ha Noi. Nghién ctu da dé
Xuat mot phuong phéap xac dinh thoi gian xe dén thuc té cho dong xe hdn hop chay khéng
theo lan voi dong giao thong ¢ Viét Nam. Tir do, tién hanh khao sat thu thap di liéu vé yéu to
hinh hoc va cac dix liéu khac nhu luu lwong, thanh phan xe chay, thoi gian xe dén thuc té trén
ba doan dudng trong d6 thi & Ha Noi. Budc dau nghién ctiu tap trung vao phan tich quy luat
dong xe & gio thap diém. Mdi mot doan duong chon khoang thoi gian 1 gio- dé phan tich. Két
qua cho thay thoi gian xe dén cua dong xe hdn hop tuan theo quy luat phan phdi Loga chuan
ba tham s va phu thudc vao luu lugng xe.

Tir khoa: quy luat xe dén thyc té, thoi gian xe dén thuc té, On tic giao thong, dong giao thdng
hon hop.

© 2021 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN DE

Hién nay van dé Un tic giao thdng & cac d6 thi c6 dong giao thdng hdn hop nhu ¢ Viét
Nam ngay cang trg nén tram trong do Su gia tang cua phuong tién giao thong cing nhu la nhu
cau di lai. Dé giai quyét tinh trang Un tic giao thdng thi can c6 nhiéu hudng tiép can tir giai
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phap chién lugc quy hoach tong thé dén nhirng giai phap to chic giao théng ngan han.

Quy luat dong xe dén la quy luat vé mat khéng gian va thoi gian cia cac phuong tién giao
thong khi chay qua mot mit cit ngang nao do trén duong. Quy luat dong xe dén 1a mot yéu té
dau vao hoic dau ra quan trong trong céc bai toan to chirc giao théng néi chung nhu & trén
cac tuyén duong, nat giao thdng, tram thu phi... [1-3]. Ching han nhu & n(t giao théng co
dén tin hiéu, quy luat dong xe dén quyét dinh dén chu ky dén, ciing nhu chiu dai hang cho
hay thoi gian cho tai nat [4]. Pa s6 cac nghién ciru trude ddy trén thé gisi chu yéu phuc vu
cho dong giao thdng c6 dong xe thuan nhét toan 13 6 t6 va gia thiét cac xe chay theo lan [5-8].
Mot s6 nghién ciu khac ciia Mahalel va Hakkert [9] v6i Bangarraju va cac dong nghiép [10]
nghién ctu quy luat dong xe dén co xét dén ca anh hudng twong tac giita cac xe dén theo
phuong ngang. C6 mot sb nghién ctu khéc vé quy luat dong xe dén vai dong xe hén hop, dic
biét 1a céc nghién ctu & An Do, nhu nghién ciru cia Roy va Saha [10] hay nghién ctu cua
Maurya va cac ddng nghiép [11]. Nhin chung mic du cac nghién ciru ndy nghién ctu vé dong
xe trong diéu kién dong giao théng hdn hop tuy nhién van trén co so quy luat thoi gian xe dén
theo lan.

Nhiéu nghién ctru trudc day déu theo huéng chirng minh 13 dong xe dén ¢ thé tuan theo
mot quy luat toan hoc nao d6. Theo tac gia May [5] cho rang quy luat thoi gian xe dén tuan
theo quy luat ham sé mii am (Negative Exponential distribution). Riccardo va Massimiliano
[12] nghién ctru vé quy luat thoi gian xe dén & mot s6 tuyén dudng co hai lan xe & Venice Y
cho thay phan phdi Weibull nghich déo phti hop véi nhiéu cap do luu lugng giao thdng.
Riccardo va Massimiliano [12] ciing cho rang cac quy luat phan phdi Loga Logistic and Loga
chuan ciing c6 thé phi hop véi quy luat dong xe dén & cac tuyén duong nay khi luu luong ¢
muc cao (20-24, va 25- 29 xe/pht). Al-Ghamdi [13] sau khi nghién ciu phan tich dir liéu vé
thoi gian xe dén o Riyadh, A Rap X& Ut da cho rang phan phéi Gama phu hop véi quy luat xe
dén trén duong tryc chinh d6 thi khong c6 den tin hiu, trong khi do cac phan phdi ham s6 mil
am, phan phol Erlang phu hop voi quy luat xe dén trén duong cao téc. Roy va Saha [10]
nghién ctru vé quy luat thoi gian xe dén véi dong xe hdn hop & An D6 va thay rang nhiéu quy
luat phan phéi toan hoc pht hop dé mé ta quy luat thoi gian xe dén vai cac luu lugng dong xe
khac nhau, nhu phan phéi Loga Pearson, Gama, Burr, Weibull, Gaussian nghich dao.

O trong nuéc Piang Minh Tan [14], nghién ctu 4p dung phuong phap mé phong Monte
Carlo dé mo hinh quy luat héa dong xe dén tuy nhién nghién cu ndy con mang tinh ly thuyét
va chua xét dén quy luat dong xe dén hdn hop nhu & Viét Nam.

Nhin chung nghién ciu trude day van con c6 nhiéu gigi han, chua thuc sy phan anh duoc
day du cac diéu kién thuc té giao thong, dac biét 1a vai dong giao thdng hdn hop nhiéu xe may
& Viét Nam. Chua tim ra duoc nhiéu quy luat dé mo ta dong giao thong mot cach hop 1y,
chinh x4c. Trong khi d6, dic tinh di chuyén ciia cac phuong tién giao thdng ndi chung va xe
maéy noi riéng ¢ dong xe hdn hop nhiéu xe méay nhu & Viét Nam 1a rat phic tap do dé can co
nhitng nghién cau o gia tri khoa hoc va thuc tién.

Bai béo nghién ctu quy luat xe dén tai vi tri mat cat ngang nhét dinh trén 3 doan duong
thuoc mot sé tuyén duong d6 thi khong c6 dai phan cach & Ha Noi. Bai bao dé xuat mot
phuong phap xac dinh quy luat xe dén cho dong xe hdn hop, chay khéng theo l1an ¢ diéu kién
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giao thdng Viét Nam. Cac dit lieu vé yéu t6 hinh hoc cua doan duodng, luu luu lwong, thanh
phan xe chay va dit liéu thoi gian xe dén thuc té trén mit cit ngang duong & 3 doan dudng néi
trén & Ha Noi duoc thu thap. Tir d6 cac nghién ctru phan tich thong ké dugc tién hanh dé lam
rd quy luat thoi gian xe dén thuc té trén cac tuyén duong duoc khao sét.

2. PHUONG PHAP THU THAP VA PHAN TiCH DU LIEU

2.1. Phwong phap thu thip dir li¢u

O pham vi nghién ciu caa nghién ctru ndy, budc dau chi tap trung nghién ciu dong giao
thong trén mot sé doan duong thang (dong lién tuc). Dong xe dén trén cac doan duong nay
cling 13 dong xe dén ¢ céc nit giao thdng 1an can. Céac doan dudng dugc chon dé phan tich co
bé rong khac nhau, khéng cé dai phan cach cting phan tach giira hai chiéu xe chay.

Trong nghién ciru niy c6 ba doan dudng dugc chon nhu cac Hinh 1 va Bang 1. Trén moi
doan duong, mot doan duong dai khoang 50m duoc chon dé khao sat, mot mit cit ngang
trong doan duong d6 dé phan tich. Trong mdi doan nay chi chon mot huéng di dé phan tich
(xem trong Bang 1). Gia dinh cac ndt giao thong 1an can phia dau vao doan dudng duoc khao
sat theo hudng phan tich khdng anh huong dén quy luat xe dén tai cac doan dudng duoc khao
sat. Trong thoi gian khao sét lay sb liéu, khong ¢ xe dimg d6 gay anh huong dén dong xe.
Thoi gian khao sat dugc tién hanh trén mdi doan duong tir 1-2 ngay vao tuan thir 2 cua thang
8 nam 2019, ¢ diéu kién thoi tiét tét, troi khong mua. Bude dau nghién cau chi tap trung
nghién ciru phan tich dong giao théng & khung gid thip diém va mai tuyén duong chi chon 1
gio dé nghién ctiu, do d6 chon khung gid 9-10 h sdng & mbi doan duong la khoang thoi gian
phén tich dix li¢u.

Dit liéu duoc khao sat bao gom dir liéu vé kich thudc hinh hoc doan duong va dit liéu
giao thong. Bé khao sat dir lidu hinh hoc doan dudng, véi gia thiét doan duong bang phang,
d6 ddc doc va déc ngang khong dang ké. Do dé chi don gian dung thude do mat cat ngang.

Bang 1. Bang tong hop thong sb cac doan duong duge khao sat.

Ky Bé rong mit So6 lan
>y Tén duwong duwong xe Ghi chu
hi¢u s

i (m) (lan)

1 LS2 8,2 2 Chiéu di tir Nguyén Chanh di Vanh dai 3

Nguyén Qudc X 4 s PR S
2 Tri (NCT) 10,8 2 Chiéu di tir Trung Hoa di Cau Giay
3 Ng“y(e,\rllc(;ha“h 15 4 Chidu di tir Trung Hoa di Chu Gidy

Pé khao sat dir liéu giao thdng, nhém nghién ciu sir dung cdng nghé phan tich hinh anh
thi theo d6 cac camera duoc dat trén cac toa nha cao ting ghi lai céc hinh anh xe chay qua cac
doan duong. Cac camera duoc dit trén cac nha cao tang, ¢ goc quan sét tt, pham vi bao quét
rong.
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Hinh 1. Vi tri va hinh anh cac doan duong dugc phén tich.

2.2. Phwong phap phan tich dir liéu

Cac video dugc thu thap ngoai hién truong sé duogc dua vao cong cu phén tich giao thong
trén may tinh T-Surveyor di duoc phét trién [15] roi qua d6 cac dir liéu vé giao thong dugc
thu thap va phan tich. Dé thu thap dit liéu dong xe dén, truéc hét nghién ctu dé xuat mot
phuong phap xac dinh thoi gian xe dén trén cac doan duong dugc khao sat.

Theo nhu quan sat quy luat dong xe dén thuc té & dong xe hdn hop ¢ Viét Nam & trong
khu vyc d6 thi thuong cac xe cling c6 xu hudng do6 la xe may (con goi la xe mo td), xe hai
banh chay & trong sat 1& duong, xe 6 td cac loai c6 xu hudng chay & phia ngoai sat dai phan
cach hoac vach son ¢ gitra duong. Tuy nhién nhin chung 1a ¢ sy hon don, cac xe chay khong
theo lan. Cac xe dic biét 1a xe may, xe hai banh Iic chay phia sat 1& duong, lGc chay o phia
vach son giira duong tly theo khoang khdng gian tréng. Pay chinh 1a yéu té thé hién sy “hdn
hop” cta dong giao théng & Viét Nam, cac phuong tién c6 thé dén mot mat cit ngang nao doé
ciing mét luc khi ¢6 khoang tréng chtr khdng hoan toan tuan theo quy luat cac xe bam dudi
nhau chay theo lan.

Pé xac dinh thoi gian xe dén, xét tai mot mat cat ngang bat ky A-A trén doan duong can
phan tich (Hinh 2). Xét thoi diém t; 1a thoi diém diém dau cua chiée xe dau tién, xe sé 1 trong
Hinh 2 dén mat cat A-A. Thoi diém xe thir 2 dén mat cat ngang A-A la to ta s& ¢6 hy 1a khoang
cach vé mit thoi gian giira hai xe. Gia tri h; duoc tinh theo cong thic 1:

hi=t2-t1 1)
Tuong tu ta c6 thoi gian hi 1 khoang cach vé mat thoi gian gitra xe tha i va xe th i+1
hi = ti+1-ti (2)

Do khéng xét xe dén theo 1an nén c6 nhiéu truong hop xe s& dén mat cit A-A trong cling
mot lac khi d6 hi= 0 (Xem xe s6 3 va xe 4 minh hoa trong Hinh 2).
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Dua trén dé xuét trén, nghién ctu tién hanh thu thap dir liéu xe dén trén tai mot mat cit
ngang bat ky trong doan phan tich ¢ ba doan duong LS2, Nguyén Québc Tri va Nguyén Chéanh
nhu da trinh bay ¢ trén. Viéc lay dir liéu duoc tién hanh trong 1 gio ddng hd (xem muc 2.1)
Vv6i luu luong xe ciling 14 s6 lwong mau duoc thé hién trong Bang 2.

M3t cat xac dinh vj tri
———————————————— vé thbi gian xe d'én - - e s .

© mmmmm © 2 ol

_-—_--4-—-------l---

Hinh 2. D& xuét vé cach xac dinh thoi gian xe dén khi xe chay khong theo lan.
3. BAO CAO VA BINH LUAN KET QUA
3.1. B4o cao két qua

Vé thanh phan xe chay qua diéu tra & cac tuyén nay cha yéu la cac phuong tién xe may
chiém tur 68%-75%, xe con chiem tir 23% - 28%. Cac phuong tién xe buyt, va xe tai chiém ty
I¢ rat nho khoang tir 1-2%.

Két qua thu thap dir liéu thdng ké vé thoi gian xe dén duoc thé hién & trong Bang 2 va céc
Hinh 3, 4, 5. Trong d6, Hinh 3, 4, 5 la thé hién biéu do tan suat xuat hién khoang céch thoi
gian (don vi la gidy, ky hiéu 1a “s” trong Bang 2) giira cac xe dén mat cat A-A ¢ lan luot ¢ cac
doan duodng thude duong LS2, Nguyén Quéc Tri va Nguyén Chanh.

100 . . - - - - : - - : - :
S
e et . Phan phﬁlthlfcté
70 4 =t e = = 4
? FTTeTere] — Pudng cong xap xi
S Sy
& 504
. (I R (T et ot e e |
204 .

0 R R e L R B
0O 6 12 18 24 30 36 42 48 54 60 66 72 78
Khoang cach théi gian (gidy)

Hinh 3. Quy luat thoi gian xe dén doan duong LS2.
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100
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Phén phdi thyc té
70
— Puing cong xap xi
60+

20
404

Tan suat (%)

304

20 4
w_ﬂ}ﬁ:n‘ﬁ'ﬂen-
0

0 6 12 18 24 30 36 42 48 54 60 66 72 78
Khoang cach thoi gian (gidy)

Hinh 4. Quy luét thoi gian xe dén doan dudng Nguyén Qudc Tri.

100
90+
804 ) .
Phan phai thuc té
70+ . .
— Budng cong xap xi
60

50

40

Tan suat (%)

304
204

104

0

0 6 12 18 24 30 36 42 48 54 60 66 72 78
Khoang cach thdi gian (gidy)

Hinh 5. Quy luat thoi gian xe dén doan duong Nguyén Chanh.

Bang 2. Thong s6 thong ké tong hop vé thoi gian xe dén.

Poan duwong

Théng sb thong ké Pon vi LS NOT NG
L6n nhét s 79,21 45,80 27,24
15% s 2,07 0,88 0,19

85% S 20,55 11,88 2,60
Trung binh S 11,79 5,96 1,44
Nhé nhit s 0,00 0,00 0,00

Do 1éch chuén 13,08 6,66 2,11
S6 lwong miu Xe 350 614 2682
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3.2. Binh luin két qua

Qua phan tich dix liéu ¢ cac Hinh 3, 4, 5 cho thiy khoang cach thoi gian gitta hai xe dén
cang 16n thi tan suat xuat hién cang nho. Hon nira luu luong cang 16n thi khoang cach thoi
gian gitra hai xe dén lién tiép cang nho va do rong biéu d6 phan phéi (théng qua chi tiéu do
léch chuan) cang nho hay noi cach khéc 1a thu hep lai. Céc gia tri trung binh va gia tri 85%
cling giam khi luu lugng tang.

Str dung phuong phap Anderson-Darling [16] dé danh gia mac d6 phu hop (Goodness of fit)
cua dir lidu thoi gian xe dén thuc té voi cac duong cong phan phdi. Anderson-Darling la
phuong phap kiém dinh théng ké dé danh gia mot tap dit liéu c6 tuan theo mot duong cong
phan ph01 nao d6 hay khong thong qua gia tri AD. Gia tri AD cang nho cho thay tép dir lieu
cang gan véi mot duong cong phan phdi. Dya vao hinh dang biéu d6 tan suat cua tép di licu
(Hinh 3, Hinh 4, Hinh 5), cdc duong cong phan pho1 nhu Loga chuan, Loga chuan ba tham so,
ham mii &m, Weibull, Weibull ba tham s6, phan phol Gama, phan phdi Loglogistic, phan phol
Loglogistic ba tham s6 duoc chon dé so sanh. Két qua ¢ Bang 3 cho thay duong Loga chuan
ba tham s6 cho céc gia tri AD nho nhét trong ¢ ca ba tap dir liéu ¢ cac doan duodng thudc
tuyén duong LS2, NQT va Nguyén Chanh.

Bang 3. Bang so sanh céc gia tri AD dé danh gia mirc d6 phu hop.

Pudong cong phin phoi Gia tri AD tai cic cac doan duwdng

xac suat LS2 NQT NC
Loga chuan 1,879 1,765 9,855
Loga chuin ba tham sb 0,608 1,699 2,185
Ham mii am 1,062 5,652 52,158
Weibull 0,945 3,002 14,024
Weibull ba tham s6 0,990 3,089 13,307
Gama 1,036 3,870 22,217
Loglogistic 12,449 2,499 3,914
Loglogistic ba tham s 1,140 2,568 3,806

St dung phuong phéap binh phuong téi thiéu thdng qua phén mém Minitab dé vé& céc
duong cong phan phdi gan nhat theo ham s6 Loga chuan ba tham sé (Céng thae 2 [17]). Két
qua cho thdy cac dudng cong xap xi duoc v& & cac Hinh 3, 4, 5 va thong sb cua cac duong
cong dugc thé hién & Bang 3 phu hop véi dir liéu thuc té dugc khao sat. Day cling 1a diém
méi cia nghién cau, cho thay quy luat xe dén ¢ dong giao thdng hdn hop ciing tuan theo
nhiing quy luat phan phdi nhat dinh chir khdng phai ty do.

1 —[In(x — ) — u?
=P 207

(x— M) 2nd

flo,pua®)= (2)

Véix>yvaoc>0

Trong d6: - f (X, 1,7 o) 1a ham mat d¢ duong cong phéan phdi Loga chuan ba tham sb; x 1a
gid tri ctia bién ngiu nhién X. Trong nghién ciru nay X 1a bién sd dai dién cho thoi gian gitra
hai xe dén mit cat A-A, do d6 X >= 0; ¥, u, ol cac thong sd cta dudng cong phan phdi Loga
chuén ba tham s6, twong tng véi vi tri, ty 1& va hinh déang cta dudng cong phan phéi.

587



Transport and Communications Science Journal, Vol 72, Issue 5 (06/2021), 580-590

Bang 4. Tham sd ciia duong cong phan phdi Loga chuan ba tham s6 gan nhat véi tap dit lidu khao sat.

Tham s6 dudng cong phan Poan duong
phdi Loga chuin LS2 NQT NC
y -0,4980 -0,1064 -0,0290
7 2,037 1,225 -0,2754
o 1,021 1,138 1,20

Theo Bang 4, & ca ba doan dudng déu cd gia tri  <0. Diéu nay s& dan dén c6 xac suit
Xuat hién gia tri x<0. Theo muc 2 trong bai bao, yéu cau hmin > 0, c6 nghia x phai I6n hon
hodc bang 0. Do y ~ 0 nén xé&c suat xuat hién cac gia tri caa bién ngau nhién x <0 rat nho
khong anh huéng dén hinh dang phan phdi nén c6 thé bo qua.

O ca ba doan dudng theo Bang 4, c4c gia tri o dic trung cho hinh dang cua duong cong
déu c6 gia tri 16n hon 1, nhung khong khac biét nhau nhiéu. N6i cach khac két qua cho thay
dang biéu d6 phan phéi 1a giéng nhau trong ca ba truong hop.

Thong sé u thé hién bién do bién dong bién ngau nhién X. Nhu trong Bang 3 & duong
LS2 luu luwong thap thi gi4 tri p 16n, khi d6 bién d6 bién dong 16m, nguoc lai cac doan duong
Nguyén Quéc Tri va Nguyén Chanh c6 luu lugng Ién thi gia tri nho hoic am, twong ung véi
bién d6 bién dong bi thu hep lai. Quy luat nay phl hop véi cac biéu dd phan phdi tu nhién
duoc khao séat trinh bay trong cac Hinh 3, 4, 5.

4. KET LUAN

Bai bao d tién hanh nghién ctru vé cac quy luat dong xe dén noi chung va quy luat dong
xe dén trong diéu kién hdn hop giao thong & Viét Nam noi riéng. Budc dau bai bao da dé xuat
dugc mot phuong phap xac dinh quy luat xe dén (khoang thoi gian gitta cac xe dén) trong
truong hop dong giao thong hdn hop, xe khong chay theo lan & Viét Nam. Dua trén quy luat
nay, nghién ctru d tién hanh phan tich dir liéu thoi gian xe dén thyc té tai 3 doan duong thude
cac tuyén duong do thi khong cé dai phan cach d6 1a cac tuyén duong LS2, Nguyén Quéc Tri
va Nguyén Chanh ¢ Ha Noi. Két qua cho thay quy luat xe dén trén ca ba doan duong & gio
thap diém thong qua chi tiéu khoang cach thoi gian giita hai xe lién tiép di qua mot mat cat
ngang duong co tinh ngiu nhién va tuan theo quy luat phan phdi xac suit Loga chuan ba tham
sO. Trong d6, tham sd ty 1& u cia duong cong phan phdi Loga chuan ba tham s6 co mirc do
bién ddi rd rét & ba doan dudng va phu thude vao luu lugng xe dén. Luu lugng xe cang 16n thi
pnho hodc nhan gia tri &m hodc ngugc lai luu lugng xe nhé thi u 16n.

Két qua cta nghién ctru c6 gia tri thyc tidn khi quy ludt nay c6 thé dugc ap dung trong
cac bai toan vé mo phong giao thong, hay 1a viéc to chtrc giao thong trén dudng, tai nit giao
thong gop phan gidam Un tic va tai nan giao thong cho diéu kién dong xe hdn hop ¢ Viét Nam.

Han ché ctia nghién ciru ndy méi chi dimg ¢ mot sé doan dudng thude cac tuyén dudng
d6 thi khong c6 dai phan cach ¢ Ha Noi. Thoi gian phan tich ngin vao gio thip diém nén
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chua phan anh dwoc ddy du cac van dé vé giao thong & Ha Noi. Tuy nhién cac han ché nay
ciing 14 hudng nghién ctru tiép theo cia bai bao. Trong thdi gian t6i, nghién ctru s& phat trién
nghién clru nay voi cac dong giao thong phure tap hon nhu 1a tai cdc nit giao vao cac gid cao
diém.
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